Background. There are limited data on the association between underweight and albuminuria. The aim of this study is to verify the effect of underweight on the development of albuminuria. Methods. Participants who underwent two health check-ups with a 2-year interval at a tertiary hospital in Korea between 2002 and 2009 were studied. After exclusion of participants with estimated glomerular filtration rate (eGFR) <60 mL/min/ 1.73 m 2 or dipstick albuminuria ≥1+ at the first check-up, 53 876 participants were enrolled. We measured the incidence of albuminuria at the second check-up and calculated the odds ratio (OR) for the development of albuminuria according to body mass index (BMI). Results. After 2 years, 746 cases of incident albuminuria were observed among 53 876 participants. The effect of BMI on the development of albuminuria was modified by sex in a multivariate logistic model with adjustment for age, diabetes, hypertension, dyslipidaemia, high-density lipoprotein cholesterol, low-density lipoprotein cholesterol, uric acid, eGFR, current smoking status and alcohol intake (P-value for interaction <0.001). Compared with participants in the normal weight range (BMI, 18.5-22.9), the ORs for incident albuminuria were 1.93 [95% confidence interval (CI), 1.35-2.76; P ≤ 0.001], 1.19 (0.84-1.67; P = 0.329) and 0.71 (0.43-1.17; P = 0.177) in underweight (BMI, <18.5), overweight (BMI, 23.0-24.9) and obese (BMI, ≥25) women. However, the ORs were 0.9 (95% CI, 0.39-2.05; P = 0.794), 1.08 (0.84-1.38; P = 0.567) and 1.38 (1.09-1.75; P = 0.007) for each corresponding group of men. Conclusions. Underweight was significantly associated with the development of albuminuria after 2 years in relatively healthy Korean females, but this relationship was not significant in males. This study suggests the need for more studies on the role of underweight in renal injury in men and women.
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I N T RO D U C T I O N
Albuminuria is not only a risk factor for renal function decline or end-stage renal disease, but also a strong predictor of cardiovascular disease (CVD) and cardiovascular-related and all-cause death [1] . Efforts to detect albuminuria are recommended for populations with risk factors for chronic kidney disease (CKD) [2, 3] , and identifying individuals at risk of albuminuria is also important.
Obesity is defined by a high body mass index (BMI) and is a major health issue in the modern world because it is associated with health problems such as hypertension, diabetes, CVD and higher mortality. Previous studies have shown that the development of albuminuria is also associated with higher BMI [4, 5] .
Being underweight is also associated with cardiovascular and all-cause mortality; therefore, the relationship between BMI and mortality is U-shaped [6, 7] . The worse outcome of underweight individuals is also apparent in patients with CKD. For example, haemodialysis patients with low BMI show higher mortality than those with higher BMI [8] and kidney transplant recipients with low BMI show low graft survival [9] .
However, there are few data about the relationship between underweight and the development of albuminuria. Two crosssectional studies have shown an association between underweight and the presence of albuminuria [10, 11] , and there are two longitudinal studies on the association between underweight and the development of albuminuria with conflicting results [4, 12] . The aim of this study was to verify the effect of underweight on the development of albuminuria by analysing data from health check-ups of relatively healthy Korean subjects.
M AT E R I A L S A N D M E T H O D S

Study design and population
We constructed a retrospective cohort using participants of regular health check-up programmes at the Kangbuk Samsung Hospital, Sungkyunkwan University, Seoul, Korea. In South Korea, employees are required to participate in annual or biennial health examinations by the Industrial Safety and Health Law. Our participants include employees, their family members and individuals who had check-ups voluntarily. A total of 74 289 participants who visited this centre two times with a 2-year interval between 2002 and 2009 were considered for inclusion in this retrospective cohort. We included only adult subjects aged ≥19 years. We first excluded records with missing data for the variables of interest and then excluded participants with a history of disease that can severely affect BMI, such as tuberculosis, liver disease, cancer and CVD. CVD was defined as a history of heart disease, coronary disease or previous stroke. We also excluded participants with positive results for hepatitis B surface antigen and anti-HCV antibodies. From this potential cohort, we further excluded participants with CKD at baseline. CKD was defined as an estimated glomerular filtration rate (eGFR) <60 mL/min/1.73 m 2 or dipstick albuminuria ≥1+. The final analysis included 53 876 participants. Figure 1 summarizes the process of constructing this retrospective cohort. This study was approved by the institutional review board at Kangbuk Samsung Hospital.
Clinical and laboratory measurements
The health check-up consisted of medical history, physical examination, a health-related behaviour questionnaire, biochemistry studies and anthropometric measures. The examining physicians assessed the medical history and prior use of medications.
Height and weight were measured with an automated scale while the participants were wearing a light hospital gown without shoes. BMI was calculated as weight (kg) divided by height squared (m 2 ). Trained nurses measured systolic blood pressure (SBP) and diastolic blood pressure (DBP) with a standard mercury sphygmomanometer on the right arm of the subject who was in a seated position after at least 5 min of rest. Waist circumference was measured at the level of the umbilicus by a single examiner with the subject in the standing position.
Blood specimens were sampled from an antecubital vein after >12 h of fasting. Plasma glucose, total cholesterol, lowdensity lipoprotein (LDL) cholesterol, high-density lipoprotein (HDL) cholesterol and uric acid levels were measured using an autoanalyser (Advia 1650 Autoanalyser, Bayer Diagnostics, Leverkusen, Germany). In this study, dyslipidaemia was defined as total cholesterol >240 mg/dL or a previous history F I G U R E 1 : Flow diagram for the selection of the retrospective study cohort. A total of 53 876 participants without CKD at baseline were included. eGFR, estimated glomerular filtration rate; CKD, chronic kidney disease.
O R I G I N A L A R T I C L E
U n d e r w e i g h t a n d i n c i d e n c e o f a l b u m i n u r i a of dyslipidaemia. Insulin was measured by immunoradiometric assay (Biosource, Nivelles, Belgium). Insulin resistance was assessed with homoeostasis model assessment of insulin resistance (HOMA-IR). HOMA-IR was calculated according to the following equation: fasting blood insulin (μU/mL) × fasting blood glucose (mg/dL)/405. Serum creatinine level was measured by the alkaline picrate (Jaffe) method. Trained medical technicians performed regular calibration and quality control for creatinine measurements during the study period using a validated calibrator and quality control materials. Our clinical laboratory has participated in annual inspection and survey by the Korean Association of Quality Assurance for Clinical Laboratories and is certified for quality control and the performance of various measurements. eGFR was calculated using the four-variable Modification of Diet in Renal Disease Study equation [13] as absent, trace, 1+, 2+, 3+ or 4+, which correspond to undetectable, 10, 30, 100, 300 or 1000 mg/dL albumin, respectively. Albuminuria was defined as a grade of ≥1+. In this study, diabetes was defined as a fasting glucose of ≥126 mg/dL, a history of previously diagnosed diabetes or the use of anti-diabetic medications. Hypertension was defined as an SBP ≥140 mmHg or DBP ≥90 mmHg, a history of hypertension or the use of antihypertensive medications.
Statistical analyses
Continuous variables were expressed as mean ± SD or median (interquartile range). Continuous variables were compared between the two groups using Student's t-test or the Mann-Whitney U-test. For comparisons among the four groups, the analysis of variance or Kruskal-Wallis test was used. Categorical variables are expressed as percentages and compared using the χ 2 test. We used multivariate logistic regression analysis to determine odds ratios (ORs) for developing albuminuria according to the categories of BMI. Participants were divided into four categories according to their BMI as follows: underweight, <18.5; normal weight, 18.5-22.9; overweight, 23.0-24.9 and obese, ≥25.0. This categorization was based on the proposed classifications of BMI in Asian adults by the International Obesity Task Force and the World Health Organization Regional Office for the Western Pacific Region. [14] Covariates in the multivariate analysis included sex, age, diabetes, hypertension, dyslipidaemia, HDL cholesterol, LDL cholesterol, uric acid, eGFR, current smoking status and alcohol intake. Interactions were tested using the likelihood-ratio tests (lrtest in STATA) comparing models with and without multiplicative interaction terms. For statistical calculations, we used STATA version 11 (StataCorp LP, College Station, TX). P-values of <0.05 were considered statistically significant. OR with the 95% confidence intervals in parentheses are indicated.
R E S U LT S
The baseline characteristics of study participants according to the BMI categories are summarized in Table 1 . The percentage of men increased with an increase in BMI from 26.4% in the underweight category to 83.6% in the obese category. As expected, subjects who were in the higher categories of BMI had worse metabolic characteristics. For example, SBP (mmHg) was 106 (100-110), 110 (100-120), 110 (110-120) and 120 (110-130) (P < 0.001) for the lowest to highest BMI categories, respectively. The percentage of participants with diabetes 
O R I G I N A L A R T I C L E
U n d e r w e i g h t a n d i n c i d e n c e o f a l b u m i n u r i a in the corresponding groups was 0.4, 0.8, 1.6 and 2.7% (P < 0.001), respectively. At the second check-up 2 years later, 746 cases of incident albuminuria were recorded among the cohort of 53 876 participants. The degree of albuminuria was 1+ in 575 participants, 2+ in 166 participants, 3+ in 3 participants and 4+ in 2 participants. The numbers of patients with incident albuminuria for the lowest to highest BMI categories were 46, 287, 175 and 238, respectively. The corresponding incidence per 1000 persons for each category was 19.9, 11.9, 13.4 and 16.7, respectively (Figure 2) . However, the trends were different between sexes: the incidence of albuminuria was highest in the underweight category among women but was highest in the obese category among men.
The characteristics of the participants with incident albuminuria were compared with those of patients without albuminuria as shown in Table 2 . Participants with incident albuminuria had a slightly more unhealthy profile than those without albuminuria, with higher BMI (23.5 ± 3.3 versus 23.2 ± 3.0, P = 0.020), DBP [75 (70-80) versus 70 (70-80), P < 0.001], serum glucose (95 ± 18 versus 93 ± 12, P < 0.001), HOMA-IR (2.1 ± 1.1 versus 1.9 ± 0.8, P < 0.001) and daily alcohol intake [3 (0-12) versus 6 (0-15), P = 0.007]. Participants with incident albuminuria were also more likely to have diabetes (3.5 versus 1.5%, P < 0.001) or hypertension (17.7 versus 11.2%, P < 0.001) and to be a current smoker (32.8 versus 28.8%, P = 0.016). Table 3 summarizes the results of the multivariate logistic regression analysis and shows the association between BMI categories and the development of albuminuria. All ORs were calculated compared with normal weight category. The effect of BMI on the development of albuminuria was modified by sex in all three multivariate logistic models (P-values for interaction < 0.001). For women, underweight was associated with the development of albuminuria in all three models. For example, OR for underweight was 1.93 (1.35-2.76) in Model 3 adjusted for age, diabetes, hypertension, dyslipidaemia, HDL cholesterol, LDL cholesterol, uric acid, eGFR, current smoking status and alcohol intake. However, overweight and obese categories were not associated with the development of albuminuria in the same model [OR = 1.19 (0.84-1.67) and 0.71 (0.43-1.17), respectively]. However, the data showed an opposite trend in men. Applying Model 3 for men, the obese category was associated with the development of albuminuria with an OR of 1.38 (1.09-1.75) but underweight and overweight categories were not associated with the development of albuminuria [OR = 0.9 (0.39-2.05) and 1.08 (0.84-1.38), respectively]. Table 4 shows ORs of other covariates used in Model 3. Interestingly, no other variable in women and only diabetes and hypertension in men were associated with the development of albuminuria. Table 5 shows the association between BMI categories and the development of albuminuria in different subgroups. When we restricted participants to women without diabetes and women without both diabetes and hypertension, the association between underweight and the development of albuminuria was significant with ORs of 1.95 (1.36-2.79) and 1.93 (1.35-2.77), respectively. Some participants had data on C-reactive protein (CRP) levels and when we further adjusted for CRP in this subgroup, the association was still significant with an OR of 1.95 (1.34 ± 2.84). Finally, when we analysed female participants who took part in vigorous recreational physical activity at least once a week, the association between underweight and the development of albuminuria was also significant in this group with an OR of 2.39 (1.19-4.79). For male participants, overweight rather than underweight was associated with the development of albuminuria in subgroups without diabetes and in subgroups with reported CRP [OR = 1.38 (1.08-1.75) and 1.39 (1.07 ± 1.81), respectively]. No other association was significant.
D I S C U S S I O N
The major finding of this study is that underweight is associated with the development of albuminuria in relatively healthy Korean women who participated in routine health check-ups. Additionally, the effect of underweight on the development of albuminuria was different between the sexes, and in men obesity rather than underweight was associated with the development of albuminuria.
Most previous studies on the development of albuminuria focused on high BMI because obesity is a major health problem that places a tremendous socioeconomic burden on society. Both high and low BMI are known to be important issues related to the outcome of patients with renal disease [8, 9] , but there are few data on the association between low BMI and albuminuria. There are two published studies of Asians, both of which were a cross-sectional design and used dipstick proteinuria ≥1+ as the definition of proteinuria. The first study analysed 189 117 Asian adults who participated in a screening programme for renal disease. [10] In this study, both BMI ≤18 and BMI ≥25 were associated with the presence of proteinuria but there were no results in the difference between sexes. The second study used a nationwide health check-up database of 212 251 Japanese aged >20 years [11] . This study showed not only a Ushaped relationship between BMI and proteinuria, but also an effect modification by sex such that BMI < 18.5 and ≥22.5 were associated with proteinuria in women, but BMI < 20.5 and ≥25.5 were associated with proteinuria in men. We could find only two longitudinal studies that analysed the influence of BMI ranges on the development of proteinuria. Both of them also used dipstick proteinuria ≥1+ as the definition of proteinuria. The first study used Japanese health examination data collected in 1997 and 1999. In this study, BMI < 18.5 in women showed a trend for increased development of albuminuria visually but the data were not significant [4] . The second study also used Japanese data collected in 1999 and 2007. In this study, BMI ≤18.9 was associated with non-recurrent proteinuria. However, the interaction by sex was not analysed [12] .
The mechanism underlying the association between underweight and albuminuria is not clear, but we can suggest some hypotheses. The first explanation is the presence of undetected chronic illness or renal disease at the first check-up. Comorbid conditions that can cause weight loss could act as confounding factors. Controlling for such factors is one of the major problems associated with interpreting the association between low BMI and worse health outcome such as high mortality [15] . We excluded participants with a history of CVD, cancer, liver disease and tuberculosis. We also excluded participants with potential CKD based on eGFR and albuminuria, and participants with serologic evidence of hepatitis B or C infection. Hepatitis B is not only quite prevalent in Korea [16] , but also an important cause of secondary glomerulonephritis. However, despite all these efforts, we cannot be sure that we completely removed confounders.
Secondly, low muscle mass might be a mediator between underweight and albuminuria. BMI is known to correlate well with lean body mass [17] , thus individuals with low BMI are likely to have low muscle mass as confirmed in a previous study with older men and women [18] . Although most results are from elderly patients, decreased muscle mass is also associated with systemic oxidative stress and inflammation [19] . These factors have been described as common components of mechanisms underlying kidney injury in different conditions [20, 21] and might be the link between underweight and a well-known marker of kidney injury and albuminuria.
Finally, previous cross-sectional studies suggested smoking, alcohol intake, chronic lung disease, malignancy and hyperfiltration by a small number of nephrons as factors associated with an increased risk of albuminuria in subjects with low BMI [11] . We also analysed the association of smoking status and alcohol intake with albuminuria. Although both the prevalence of current smokers and the daily alcohol intake were higher in participants who developed albuminuria, (Table 2 ) smoking status and alcohol intake were not significant predictors of albuminuria in multivariate logistic model of both women and men (Table 4) . To account for malignancy, we excluded all participants with a history of cancer. It is likely that many of the women with lower BMI had lower birthweight because birthweight is a predictor of adult BMI [22] . They are more likely to have lower nephron numbers and to be at higher risk of hyperfiltration, resulting in albuminuria. In this manner, our finding is compatible to the studies from Australian aborigines where the effect of lower birthweight on the development of albuminuria was prominent in women [23] . Therefore, lower birthweight could be a possible explanation for the association between low BMI and albuminuria although the data are not available in our study.
One other important question raised by this study is why the influence of BMI on the development of albuminuria is so different between sexes. In women, the underweight category was significantly associated with the development of albuminuria in a final logistic model. However, it is not clear why underweight increases albuminuria only in women. If we accept the hypothesis that decreased muscle mass in underweight is important in the development of albuminuria, the fact that women have a smaller muscle mass than men with the same BMI [17] could be one explanation.
A different effect on the development of albuminuria between sexes was also observed in the obesity category. Neither obesity nor well-known risk factors for albuminuria such as diabetes or hypertension showed significant association in women. On the contrary, obesity, diabetes and hypertension were associated with the development of albuminuria in men (Table 4) . Current smoking and higher daily alcohol intake showed a trend towards an association in men although neither was statistically significant.
Although the fact that obese women are not at risk of albuminuria seems to contradict current knowledge, previous studies have shown that metabolically unhealthy risk factors are more important in men than in women. One study showed that urine albumin excretion increases more steeply in men than in women as BMI increases, and that the association between cardiovascular risk factors and urine albumin excretion was more prominent in men [24] . In a Swedish analysis of 926 patients with moderate-to-severe CKD and 998 control subjects, the high BMI associated with CKD was >30 in men but >35 in women [25] . Another recent study in which 241 high-risk patients were followed up over 20 years showed that BMI was associated with eGFR decline and albuminuria development only in men [26] . In general, male gender is a risk factor for renal disease progression and one proposed cause of this relationship is the action of sex hormones [27] . The effect of obesity on renal injury might similarly be under the influence of sex hormones.
This study has several limitations. First, urinalysis was performed only once at each check-up. Transient albuminuria can be observed in conditions such as febrile illness, strenuous exercise or emotional stress [28] , and the result of albuminuria on the second check-up might not be persistent or related to renal diseases. Second, we did not measure urine protein-to-creatinine ratio or albumin-to-creatinine ratio. For better quantitation of albuminuria, adjustment by urine creatinine concentration is needed because albuminuria in dipstick urinalysis is influenced by urine concentration. Third, we do not have information on medications that might influence the level of albuminuria such as angiotensin-converting-enzyme inhibitors or angiotensin receptor blockers, although the result was the same when we excluded participants with hypertension. Finally, follow-up time in this study (2 years) is probably short for detecting the incidence of albuminuria among healthy subjects, although we believe that the large size of the study population may have compensated for this. Despite these limitations, this study has some strengths that differentiate it from previous studies, including the relatively large sample size, adjustment for various data associated with albuminuria and its longitudinal design. As far as we know, this is the first study that has shown the association between underweight and the development of albuminuria which is different between sexes. This study suggests that we should pay more attention to individuals with low BMI to prevent CKD as well as obese patients. Especially, we should be careful not to overlook their co-morbid conditions such as malnutrition, chronic inflammatory diseases and sarcopenia. However, we need more studies before we can be more conclusive on this suggestion and longer studies with different cut-offs of BMI would be helpful.
In conclusion, underweight rather than obesity was associated with the development of albuminuria over 2 years in relatively healthy Korean females who participated in health check-up programmes. This relationship was modified by sex, such that obesity rather than underweight was associated with the development of albuminuria in male participants. Further studies are warranted to elucidate the exact mechanism underlying renal injury caused by underweight and the clinical implications of underweight for renal diseases.
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A B S T R AC T
Background. Accelerated progression of aortic stiffness in patients with advanced chronic kidney disease is not well explained by the traditional cardiovascular risk factors. We hypothesized that vitamin K deficiency may result in an accelerated progression of aortic stiffness in the pro-calcifying uremic milieu.
